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Johnson (1980) hypothesized that animals
select habitat hierarchically at various spatial
scales, beginning with selection of a broad
geographic range (1st-order selection), fol-
lowed by selection of a home range (2nd-order
selection) and selection and use of individual
habitat components within that home range
(3rd-order selection) to meet specific life req-
uisites, for example, nesting or foraging sites.
In recent years, several studies have provided
experimental and observational evidence sup-
porting this hypothesis with respect to habitat
choice by birds (e.g., Orians and Wittenberger
1991, Bergin 1992, Steele 1992).
If habitat selection by birds is hierarchical
and spatially scaled, one would expect an
equally scaled avian response to ecological
processes that impact and alter habitats, for
example, large-scale disturbance. Directly dem-
onstrating such a response generally requires
careful experimentation employing such com-
mon standards of good experimental design as
replication, randomization, and local control
(e.g., Steele 1992). Unfortunately, such habitat
manipulations are difficult and frequently un-
ethical at large spatial scales and, even when
feasible, they may not adequately represent
such significant ecological events as natural
disturbances. It is not surprising, then, that ex-
perimental investigations of hierarchical habitat
selection to date have been limited primarily
to phenomena occurring at small spatial scales.
Here we offer an alternative approach, re-
lying on induction rather than on more tradi-
tional hypothetico-deductive reasoning, to
address large-scale phenomena in the context
of hierarchical habitat selection. Specifically,
we show how a spatially explicit analysis can
be used to reveal an organism’s differential
(and thus spatially scaled) response to habitat
at successively finer spatial scales. Whether
such a differential response can be used to
infer a hierarchically structured decision-mak-
ing process is left to the reader’s judgment.
Nevertheless we offer this approach as a valu-
able tool for data exploration and hypothesis
formulation in the study of habitat selection as
related to large-scale natural disturbance.
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ABSTRACT.—We examined the response of Lazuli Bunting (Passerina amoena) to fire in Gambel oak (Quercus gambe-
lii) woodland at Camp Williams, Utah, during 1993–1998. Overall, Lazuli Bunting abundance on the study area
increased significantly during the 2 years after a stand-replacing wildfire, which covered 800 ha of Gambel oak wood-
land. This increase suggested that Lazuli Buntings respond positively to fire. However, a comparison of pre- and post-
fire abundance of Lazuli Bunting for 2 groups of monitoring plots with different fire histories showed that abundance
was significantly greater during the post-fire period for both burned and unburned plots. When we examined our data at
a spatial scale appropriate to Lazuli Bunting, we found that post-fire increases observed on unburned plots were limited
to plots in close proximity to the burned area. A comparison of pre- and post-fire abundance of Lazuli Bunting for 3
groups of monitoring plots located at various distances from the burned area revealed that post-fire abundance was simi-
lar only for plots within the fire boundary and for those ≤1000 m from the fire boundary; plots located >1000 m from
the fire boundary had fewer individuals per plot post-fire. However, prefire Lazuli Bunting abundance was similar
among all 3 categories. This differential, spatially scaled response of Lazuli Bunting to fire at the landscape level may
support a hierarchical view of habitat selection.
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Our analysis centers on Lazuli Bunting
(Passerina amoena) response to a stand-replac-
ing wildfire that occurred at Camp W.G.
Williams State Military Reservation, a Utah
Army National Guard (UTARNG) training
facility, in 1995. This fire burned over 800 ha
of Gambel oak (Quercus gambelii) woodland
over several days, killing all aboveground veg-
etation and removing all aboveground biomass
excepting large stems.
For this investigation, we considered the
Lazuli Bunting an ideal study organism for
several reasons. First, Lazuli Buntings respond
positively to fire (Hutto 1995, Greene et al.
1996). Second, they are sexually dimorphic,
with males being particularly colorful and
noticeable. Males are also highly territorial
and vocal, singing loudly from exposed perches
at the top of the canopy throughout the breed-
ing season (Greene et al. 1996). Because of
these life history attributes, we were confident
that observer bias, as well as bias due to differ-
ential detectability between burned and un-
burned habitat, would be minimal. Finally,
because Lazuli Buntings are active singers
throughout the breeding season (Greene et al.
1996), we had a relatively long window of time
for field work.
STUDY SITE
Camp Williams (40°26′N, 112°0′W) is
located in north central Utah, approximately
47 km southwest of Salt Lake City. The site
covers ca. 10,125 ha in Salt Lake and Utah
Counties, and is bordered by the Jordan River
to the east and the Oquirrh Mountains to the
west. The Traverse Mountains, which Camp
Williams straddles, range in elevation from
1281 to 2196 m and form a natural bridge be-
tween the Oquirrh Mountains to the west and
the Wasatch Mountains to the east (Fig. 1).
Camp Williams is in the Basin and Range
floristic province, bounded by the Great Basin
Desert to the west and the Colorado Plateau
to the east. Dominant vegetation types include
sagebrush-grass shrubland (35.4%), Gambel
oak woodland (28.5%), and pinyon-juniper
woodland (6.3%). Military training exercises
were the dominant land use on Camp Williams;
during this study, military use averaged 400,000
troop-training days per year (UTARNG Camp
W.G. Williams Range Control unpublished data).
Other land uses included moderate cattle and
sheep grazing.
A detailed description of the fire history of
Camp Williams was provided by Godfrey (1995).
Like elsewhere across much of Gambel oak
range (Wadleigh et al. 1998), increased igni-
tion frequency associated with greater human
activity has resulted in a decreased fire-return
interval in Gambel oak woodland at Camp
Williams. Although both small- and intermedi-
ately sized fires are frequent occurrences else-
where at Camp Williams, the area considered
here had not burned in >60 years prior to the
1995 fire (Godfrey 1995).
METHODS
We monitored Lazuli Bunting abundance
in Gambel oak woodland in conjunction with
an avian community monitoring program at
Camp Williams during 1993 and 1995 (prefire)
and 1997 and 1998 (post-fire) by using 67 per-
manent 50-m-radius (0.785-ha) circular plots
and generally following standards recom-
mended by Ralph et al. (1993, 1995). Of the 67
plots, 33 were located within the 1995 fire
boundary, and 34 were located outside the
boundary (Fig. 1). However, all plots were
comparable with respect to topography (mostly
moderately steep slopes), aspect (mostly north-
facing), and elevation (x– = 1799.8 m, s = 115.5
m), and they supported identical vegetation
communities (almost exclusively Gambel oak).
The same plots were visited once each year.
Plots were established along transects (8–14
plots per transect) at 200-m intervals from a
random starting point. Counts were conducted
from 1 May through 31 July. Counts typically
began at 0600 hours (MST) and were com-
pleted by 1030 hours. We did not census in
rainy or extremely windy conditions. One or 2
observers were used each year, but only 1 ob-
server censused birds on a given plot in any
given year; furthermore, survey assignments
were made without preconceived bias, and
plots monitored by the same observer were
spatially interspersed such that each observer
surveyed plots in both burned and unburned
habitat in any given year. Counts began imme-
diately when an observer reached a plot and
continued for 5 minutes; data were subtallied
by minute. Individuals flushed within 50 m of
plot center as the observer approached or left
the plot were counted as being inside the plot.
We recorded all birds seen or heard, but con-
sidered only singing males in our analysis. All 
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observers were trained to identify Lazuli Bunt-
ings by sight and sound. In addition, each ob-
server was trained in distance estimation in
Gambel oak woodland using known distances
and a range finder. Nevertheless, distances to
birds perceived to be at or near the plot
boundary were verified by pacing. Distance
calibration was performed annually and for
each new observer.
We compared Lazuli Bunting abundance
among years with a general linear mixed model
of a 1-way factorial in a randomized block
design where plots were blocks. As appropri-
ate (P < 0.050), we used Tukey’s Studentized
Range Test to separate means while control-
ling Type I experimental error (Day and Quinn
1989). We compared pre- and post-fire Lazuli
Bunting abundance on burned and unburned
plots using a general linear mixed model of a
2-way factorial in a split-plot design, with fire
history (burned or unburned) as the whole-
plot factor and period (pre- and post-fire) as
the split-plot factor; data values were averaged
over the 2 years in each period.
We then divided monitoring plots into 3
distance categories based on their location
with respect to the 1995 fire boundary: plots
located within the fire boundary (n = 33),
plots ≤1000 m from the fire boundary (n =
18), and plots >1000 m from the fire boundary
(n = 16; Fig. 1). Our a priori selection of 1000
m as a breakpoint was based on 2 criteria.
First, because monitoring plots were preestab-
lished, we had to select a breakpoint that
would allow for a sufficient number of moni-
toring plots in each category to make statisti-
cal comparisons. A breakpoint of 1000 m pro-
vided a sufficient sample size for all 3 cate-
gories. Second, we wanted to select an obser-
vational scale appropriate for the organism.
Although Lazuli Bunting territory size in
Gambel oak woodland is unknown, we used
known ranges of Lazuli Bunting territory size
in other habitats (0.5–6 ha) as a reference
(Greene et al. 1996). Based on our observations
since completing this study, we suggest that
Lazuli Bunting territories at Camp Williams
fall well within that range, with most territo-
ries not exceeding 3 ha in size (Leidolf and
Wolfe unpublished data). Thus, a distance of
1000 m was both ecologically meaningful for
this species and minimized confounding due
to territories that overlapped the fire bound-
ary. We compared mean abundance of Lazuli
Bunting among distance categories and between
pre- and post-fire periods using a general lin-
ear mixed model of a 2-way factorial in a split-
plot design with distance category as the
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Fig. 1. Map of study area, Camp W.G. Williams State Military Reservation, Utah, showing distribution of Gambel oak
woodland, 1995 fire boundary, distance categories, and location of avian monitoring plots.
whole-plot factor and period as the split-plot
factor. All computations were performed in
SAS, release 6.12, using the procedure MIXED
(Littell et al. 1996).
RESULTS
Mean abundance of Lazuli Bunting dif-
fered significantly among years (P = 0.001, 
F3, 175 = 5.46). Mean abundance was signifi-
cantly higher in 1998 (0.36 ± 0.06 individuals
per plot) than in 1993 (0.11 ± 0.08 individuals
per plot) or 1995 (0.04 ± 0.06 individuals per
plot), but did not differ significantly from
mean abundance in 1997 (0.24 ± 0.06 individ-
uals per plot). Mean abundance in 1997 was
greater than in 1993 and 1995, but not signifi-
cantly so.
Mean abundance of Lazuli Bunting on
burned plots was higher during the post-fire
period (0.33 ± 0.06 individuals per plot) than
during the prefire period (0.09 ± 0.06 individ-
uals per plot; Fig. 2). On unburned plots,
mean abundance was also higher during the
post-fire period (0.25 ± 0.06 individuals per
plot) compared to the prefire period (0.03 ±
0.06 individuals per plot; Fig. 2). The interac-
tion term, fire history × period, was not signif-
icant (P = 0.854, F1, 65 = 0.03), indicating no
significant difference between burned and
unburned plots in the change in mean abun-
dance of Lazuli Bunting from the pre- to the
post-fire period. Subsequent examination of
the main effects showed that, whereas the dif-
ference in mean abundance between burned
and unburned plots was not significant (P =
0.279, F1, 65 = 1.19), the difference in mean
abundance between the pre- and post-fire
period was highly significant (P ≤ 0.001, F1, 65
= 15.40).
Our analysis revealed a significant (P =
0.0375, F2, 64 = 3.46) interaction of distance
category by period, indicating that differences
in mean abundance of Lazuli Bunting among
distance categories differed significantly be-
tween the pre- and post-fire period. Mean
abundance of Lazuli Bunting during the pre-
fire period was greatest on plots within the
1995 fire boundary (0.09 ± 0.06 individuals
per plot) and was slightly lower on plots
located ≤1000 m from the fire boundary (0.03
± 0.08 individuals per plot) and plots located
at distances >1000 m from the fire boundary
(0.03 ± 0.9 individuals per plot; Fig. 3A). Dur-
ing the post-fire period, mean abundance was
highest on plots located ≤1000 m from the fire
boundary (0.44 ± 0.08 individuals per plot),
followed by plots within the fire boundary
(0.33 ± 0.06 individuals per plot); mean abun-
dance on plots >1000 m from the fire bound-
ary was lower by an order of magnitude (0.03
± 0.09 individuals per plot; Fig. 3B).
DISCUSSION
Although Lazuli Buntings are known to
breed in a wide range of shrubland habitats,
highest breeding densities have been reported
from recent post-fire habitats (Hutto 1995,
Greene et al. 1996). In Gambel oak woodland
at Camp Williams, Lazuli Buntings were more
abundant in the 2 and 3 years post-fire than in
the 2 years prefire. However, significant in-
creases in abundance were observed post-fire
on burned and unburned plots (Fig. 2). Thus,
perhaps Lazuli Buntings were experiencing a
regional population increase during the post-
fire years of 1997 and 1998. This explanation,
however, is not supported by regional Lazuli
Bunting population trends for the Basin and
Range physiographic province and the state of
Utah, based on Breeding Bird Survey (BBS)
data (Sauer et al. 1999; Fig. 4). A trend analysis 
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Fig. 2. Mean abundance (individuals per plot) of Lazuli
Bunting on burned and unburned plots before (prefire)
and after (post-fire) stand-replacing wildfire in Gambel
oak woodland at Camp W.G. Williams State Military Reser-
vation, Utah, 1993–1998.
of BBS data using a linear route-regression
approach based on estimating equations (Sauer
et al. 1999) showed no significant trend for
either region (P = 0.518 and 0.736, respec-
tively), although others have suggested that
Lazuli Bunting populations in Utah may actu-
ally be declining (DeSante and George 1994).
An alternative explanation to a regional popu-
lation increase, however, is that Lazuli Bunting
populations in both burned and unburned
plots at Camp Williams may have responded
positively to fire. This 2nd hypothesis is sup-
ported by our comparison of Lazuli Bunting
abundance among plots in 3 distance cate-
gories (Fig. 3).
Two conclusions may be drawn. First, Lazuli
Buntings at Camp Williams responded posi-
tively to fire. Given the obvious lack of repli-
cation and interspersion inherent to a study of
large-scale natural disturbance such as ours,
this conclusion is derived less from statistical
inference than from ecological inference
(Hawkins 1986). To wit, the observed differ-
ences among statistical populations (i.e., pre-
and post-fire, burned and unburned, etc.) are
real; the role of fire vis-à-vis these observed
differences can be inferred from the lack of
other obvious explanations combined with
published reports of Lazuli Buntings rapidly
colonizing recent burns in large numbers
(Hutto 1995, Greene et al. 1996). Second, the
observed response occurred at a larger scale
than the burn itself, but at a smaller scale than
that of the local population (i.e., Camp Williams).
This differential, spatially scaled response may
suggest a hierarchically structured decision pro-
cess regarding habitat selection as envisioned
by Johnson (1980).
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Fig. 3. Mean abundance (individuals per plot) of Lazuli Bunting on plots in 3 distance categories (within the fire
boundary, ≤1000 m from the fire boundary, >1000 m from the fire boundary) before (prefire, A) and after (post-fire, B)
stand-replacing wildfire in Gambel oak woodland at Camp W.G. Williams State Military Reservation, Utah, 1993–1998.
Fig. 4. Population trend of Lazuli Bunting during 1993–
1998 for the Basin and Range physiographic province and
the state of Utah based on USGS Breeding Bird Survey
data (redrawn from Sauer et al. 1999). Population trends
for this time period were not significant in a separate trend
analysis using a linear route-regression approach based on
estimating equations (Sauer et al. 1999).
If recent post-fire habitats are preferred by
Lazuli Bunting, and if their habitat selection is
indeed hierarchically structured, individuals
would make an ordered set of decisions re-
garding habitat choice. After the general geo-
graphic area is selected (e.g., the Traverse
Mountains), one would expect 2nd-order selec-
tion favoring landscapes that feature recently
burned areas, resulting in an increase in
Lazuli Bunting abundance in these areas. The
behavioral plasticity necessary for such a
response, including low natal philopatry of
returning juveniles and the ability of adults 
to disperse among suitable breeding habitats
among years, is well documented (Greene 
et al. 1996). Next, selection of habitat compo-
nents at the scale of an individual’s territory
may focus initially on the preferred burned
habitat, with earlier-arriving migrants occupy-
ing these areas first. As individuals continue to
arrive during migration, availability of territo-
ries in the preferred habitat declines, forcing
later-arriving individuals to select less pre-
ferred, but suitable habitats in the surround-
ing landscape. In this context, it would be in-
teresting to learn whether individuals cen-
sused in the area surrounding the burn were
singing, nonbreeding individuals that were
attracted to the burned area but could not
establish territories there (see Van Horne 1983).
With increasing distance from the burned area,
the influence of the burn on Lazuli Bunting
response would diminish. This hierarchically
structured process should result in an increase
in Lazuli Bunting abundance in both burned
habitats and those immediately adjacent to
them, but not in areas at greater distances from
burned habitat, similar to the observations
made in this study.
Hierarchical habitat selection has been docu-
mented for a number of bird species, includ-
ing Western Kingbird (Tyrannus verticalis;
Bergin 1992), Black-throated Blue Warbler
(Dendroica caerulescens; Steele 1992), and
Yellow-headed Blackbird (Xanthocephalus xan-
thocephalus; Orians and Wittenberger 1991).
In these studies the causal mechanisms evok-
ing the habitat selection response were identi-
fied or strongly suggested. However, possible
explanations for a preference by Lazuli Bunting
towards recent post-fire habitats are elusive,
and our argument is therefore tentative. Pres-
ence of recent post-fire habitat or edge between
burned and unburned habitat created by fire
may be a proximate cue used by Lazuli Bunt-
ing in making settling decisions. Once settling
has occurred, however, nest sites and territo-
ries may be selected based on entirely different
parameters, which may be only loosely corre-
lated with fire. For example, Orians and Witten-
berger (1991) reported that Yellow-headed
Blackbirds used the emergence rate of odonate
insects as a criterion in making settling deci-
sions, but selected nest sites based on vegeta-
tion density. Possible explanations of Lazuli
Bunting preference for burned areas include a
lowered risk of Brown-headed Cowbird (Molo-
thrus ater) parasitism, to which Lazuli Bunt-
ings may be more susceptible than previously
thought (Greene 1999, but see Friedmann 1929,
Friedmann et al. 1977, Friedmann and Kiff
1985). For example, Greene et al. (1999) found
that the only extensive Lazuli Bunting habitats
predicted to present no risk of Brown-headed
Cowbird parasitism were recently burned areas.
There is anecdotal evidence that Brown-headed
Cowbird abundance at Camp Williams may be
lower in recent burns than in adjacent unburned
habitat (Leidolf and Wolfe unpublished data),
but further research is needed to more firmly
establish this correlation.
Clearly, much is left to learn regarding the
complexity of decision-making relative to habi-
tat choice by Lazuli Buntings. The evidence
suggesting hierarchically structured habitat
selection in birds is considerable (e.g., James
1971, Wiens and Rotenberry 1981, Wiens et
al. 1987, Orians and Wittenberger 1991, Bergin
1992, Steele 1992). Nonetheless, the specifics
of hierarchically based habitat selection in
response to large-scale phenomena will take a
concerted effort to unravel. To this end, our
investigation poses more questions than it
answers, and further research is warranted on
abundance, productivity, nest site selection,
and territory size of Lazuli Bunting, with par-
ticular emphasis on the ecological importance
of post-burn areas for Lazuli Bunting repro-
duction (Greene et al. 1999).
The response of Lazuli Bunting to fire
reported here is local in nature and cannot
readily be extrapolated given the limited infer-
ential space typically associated with studies
of large-scale natural disturbance. Neverthe-
less, our investigation has shown that we may
need to think differently about local habitat
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selection in the context of a presumed hier-
archy. With respect to large-scale disturbance,
it may be advantageous to routinely consider
multiple spatial scales simultaneously: the spa-
tial scale of the disturbance and the scale asso-
ciated with the affected organism.
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